Objective: Hispanics with lower acculturation may be at higher risk for neural tube defects compared with those with higher acculturation due to lower total folic acid intake or other undetermined factors. Modelling has indicated that fortification of corn masa flour with folic acid could selectively target Mexican Americans more than other race/ethnicities. We assessed whether fortification of corn masa flour with folic acid could selectively increase folic acid intake among Mexican-American women with lower acculturation, as indicated by specific factors (language preference, country of origin, time living in the USA). Design: We used dietary intake and dietary supplement data from the National Health and Nutrition Examination Survey 2001-2008, to estimate the amount of additional total folic acid that could be consumed if products considered to contain corn masa flour were fortified at 140 mg of folic acid per 100 g of corn masa flour. Setting: USA. Subjects: Non-pregnant women aged 15-44 years (n 5369). Results: Mexican-American women who reported speaking Spanish had a relative percentage change in usual daily total folic acid intake of 30?5 (95 % CI 27?8, 33?4) %, compared with 8?3 (95 % CI 7?3, 9?4) % for Mexican-American women who reported speaking English. We observed similar results for other acculturation factors.
Randomized controlled trials have indicated that women who consume higher amounts of folic acid reduce their risk of having a pregnancy affected by neural tube defects (NTD) (1, 2) . This led to recommendations by the US Public Health Service (1992) and the Institute of Medicine (1998) that women capable of becoming pregnant should consume 400 mg of folic acid every day (3, 4) . The US Food and Drug Administration mandated that by 1998 cereal grain products labelled as enriched (e.g. breads, pastas) be fortified with 140 mg of folic acid per 100 g of flour in an effort to reduce the risk of NTD such as anencephaly and spina bifida among women of childbearing age (5) .
Since mandatory folic acid fortification, the prevalence of NTD has decreased by 36% in the USA (6) ; however, the prevalence of NTD continues to be highest among Hispanicy women (6, 8, 9) . Mexican-American and non-Hispanic white women have reported similar folic acid intakes from cereal grain products labelled as enriched, but total folic acid intakes -which include cereal grain products labelled as y The term 'Hispanic' is used for NTD because this is how the data are collected. However, folic acid intake data that can be generalized to the US population are available only for Mexican Americans. It should be noted that approximately 63 % of all Hispanics in the USA are Mexican Americans (7) . *Corresponding author: Email hfc2@cdc.gov r The Authors 2012
enriched, ready-to-eat cereals (that can be voluntarily fortified up to 400 mg per serving (10) ) and supplements containing folic acid -are lower among MexicanAmerican women (11) . The disparity among MexicanAmerican women is more pronounced when total folic acid intake is stratified by factors that assess acculturation among Mexican-American women (e.g. language preference, country of origin or time living in the USA) (11) . The association of acculturation, a term used to describe the process in which two cultures combine with one another (12) , with the risk of NTD among the Hispanic population has been assessed. A recent case-control study found that the risk of spina bifida was higher among Hispanic women who reported speaking Spanish or reported being born in Mexico/Central America and residing in the USA for ,5 years (i.e. proxies for lower acculturation) than among non-Hispanic white women (13) . Corn masa flour, an ingredient that is used to make corn tortillas but is not currently fortified with folic acid, is consumed in large quantities by the Mexican and Central American populations (14) . Hamner et al. modelled the potential impact that fortification of corn masa flour with folic acid could have on total folic acid intake in the Mexican-American population (15) . Results indicated that this intervention could selectively target the Mexican-American population more than other race/ethnicities (15) . However, their analysis did not differentiate Mexican Americans by acculturation status. The purpose of the current analysis was to assess whether fortification of corn masa flour could selectively target Mexican-American women with lower acculturation as defined by language preference, country of origin and time living in the USA.
Materials and methods

National Health and Nutrition Examination Survey, 2001-2008 n
The National Health and Nutrition Examination Survey (NHANES) 2001-2008 was conducted using a stratified multistage probability design. The survey captured a nationally representative sample of the non-institutionalized civilian US population. Participants completed a household interview and a physical examination. For the current analysis, we used data from NHANES 2001-2008 excluding women who were pregnant or those whose dietary interview data did not meet minimum required standards for data quality on day 1 or day 2 (16) . Analyses conducted by race/ ethnicity were restricted to non-Hispanic white, nonHispanic black and Mexican-American women because of the small numbers of women of other racial and ethnic groups. All participants in NHANES provided written informed consent and the NHANES study received approval from the National Center for Health Statistics Ethical Review Board.
Modelling of folic acid intake from corn masa flour Methods for modelling the impact of corn masa flour fortification on folic acid intake have been described previously (15) . In summary, modelling entailed four main steps: (i) identification of foods that could contain corn masa flour; (ii) determination of the proportion of corn masa flour per food item by weight; (iii) determination of the amount of additional folic acid in each food item from corn masa flour fortified at 140 mg of folic acid per 100 g of corn masa flour; and (iv) creation of modelled folic acid intake amounts with the additional folic acid intake from fortified corn masa flour.
As was done previously, foods reported in NHANES 2005-2008 were reviewed to identify those that could contain corn masa flour. An additional sixteen foods were added to the original foods identified and reported in 2001-2004 (15) and were validated by an international manufacturer of corn masa flour, resulting in 103 foods (see Appendix).
Sample calculations to determine the proportion of corn masa flour in each food item and how much additional folic acid would be added to products that could contain corn masa flour if fortified are available in Hamner et al. (15) . The total amount of folic acid an individual would have consumed with folic acid fortification of corn masa flour included the estimated or expected intake from fortified corn masa flour as if it were fortified plus the actual reported folic acid intake from other foods and supplements.
Folic acid intake from foods
We obtained estimated intake of folic acid from foods using one 24 (20) . Folic acid intake from supplements During each household interview in NHANES 2001-2008, participants were asked about their use of dietary supplements over the past 30 d, including single vitamins, multivitamins, minerals, herbs and other similar nutritional substances, and were classified as a user if they reported taking such a supplement containing folic acid at least one time during the past 30 d. We calculated the average daily folic acid intake from each supplement and added this estimate to the amount of folic acid consumed * The description of the Materials and methods was adapted directly from Hamner et al. (15) . The analysis presented here includes four additional survey years (2005) (2006) (2007) (2008) and any methodology or analytical changes as a result of these additional years are noted. from foods for each day of intake for each individual (21) . In calculating usual total folic acid intake, average folic acid intake from supplements was added to foods and then usual intake was estimated using the Software for Intake Distribution Estimation (PC-SIDE).
Acculturation factors NHANES includes data on several factors that can be used to classify acculturation. These variables are available for participants aged 12 years and older. Among individuals who identified themselves as Hispanic, NHANES recorded the primary language spoken at home. As has been done previously (11) , we categorized language spoken at home into three levels: (i) women who reported speaking English all or most of the time; (ii) women who reported speaking an equal amount of English and Spanish; and Additionally, we excluded women who were missing information on supplement use (n 63), resulting in a final sample size of 5369 non-pregnant women aged 15-44 years (86 % of the eligible sample). Compared with women included in the final analytic sample, to the extent data were available, excluded women were less likely to have reported consuming corn masa flour (P , 0?05, x 2 test); however, there were no differences by race/ethnicity or use of a folic acid-containing supplement.
Statistical analysis
We conducted analyses using usual daily total folic acid intake without and with the modelled addition of folic acid from corn masa flour fortification (referred to as 'current' and 'modelled', respectively, in the presentation of results) to assess the potential contribution that fortified corn masa flour could have on total folic acid intake. It has been reported that estimates of nutrient intake based on one day's worth of intake do not account for possible within-person variation, resulting in an overestimation of the variance in intake of a population (19, 20) . Therefore, we used PC-SIDE version 1?02 (Iowa State University, Ames, IA, USA), which takes into account both between-and within-person variation when at least a sub-sample of the population has two or more days of intake data, as in NHANES [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] (22, 23) . We used PC-SIDE to estimate the distributions (percentiles) of usual daily total folic acid intake, as well as daily total energy intake. We estimated the percentage of a given population with usual daily total folic acid intake at or above the recommended 400 mg of total folic acid. Analyses were conducted for all women aged 15-44 years, and stratified by race/ethnicity and acculturation factors. We used PC-SIDE to estimate the best linear unbiased predictor of usual daily total folic acid intake for each individual. The best linear unbiased predictors were used to estimate the relative percentage change between the median intake under the current scenario and the modelled scenario in which corn masa flour was fortified as described in Hamner et al. (15) . We used SPSS Complex Samples Design version 18?0 to account for the survey design and to calculate all frequencies, t tests, (16) . For analyses conducted with PC-SIDE, we calculated standard errors using a set of 122 jackknife replicate weights. Replicate weights were calculated using a combination of day 1 dietary weights for NHANES 2001-2002 data and day 2 dietary weights for NHANES [2003] [2004] [2005] [2006] [2007] [2008] .
Results
Demographic characteristics of the sample are presented in Table 1 . Mexican-American women were more likely to report consuming corn masa flour on either day 1 or day 2 of the survey as compared with non-Hispanic white women or non-Hispanic black women (67?2 %, 27?6 % and 29?6 %, respectively; P , 0?05). Demographic characteristics of Mexican-American women by acculturation factors are reported in Table 2 . Mexican-American women who reported lower acculturation factors were more likely to report consuming corn masa flour on either day 1 or day 2 of the survey as compared with Mexican-American women who reported higher acculturation factors (P , 0?05). All percentages are weighted.
Estimates of current and modelled median usual daily intake of total folic acid for women of childbearing age are presented in Table 3 . The current overall median usual Non-Hispanic white women had higher (263 (95 % CI 239, 287) mg) current median usual daily intake of total folic acid than either non-Hispanic black women (186 (95 % CI 155, 217) mg) or Mexican-American women (202 (95 % CI 167, 237) mg). In addition, non-Hispanic white women had higher modelled median usual daily intake of total folic acid than either non-Hispanic black women or MexicanAmerican women (274 (95 % CI 248, 300) mg, 197 (95 % CI 163, 231) mg and 243 (95 % CI 209, 277) mg, respectively). Mexican-American women had the largest absolute and relative percentage increases, with 41 mg and 21?0 %, respectively, compared with non-Hispanic white women (11 mg and 3?9 %, respectively) and non-Hispanic black women (11 mg and 4?6 %, respectively).
Mexican-American women who reported lower acculturation factors had lower current median usual daily intake of total folic acid than Mexican-American women who reported higher acculturation factors. These differences were attenuated with fortification of corn masa flour. Mexican-American women who reported speaking Spanish all or most of the time had current median usual daily intake of total folic acid of 191 (95 % CI 146, 236) mg and those who reported speaking English all or most of the time had current median usual daily intake of total folic acid of 218 (95 % CI 154, 282) mg. With fortification of corn masa flour, the modelled median usual daily intake of total folic acid for Mexican-American women who reported speaking Spanish all or most of the time could increase by 56 mg to 247 (95 % CI 205, 289) mg, while for those who reported speaking English all or most of the time the modelled median usual daily intake of total folic acid could increase by half that amount, 23 mg, to 241 (95 % CI 186, 296) mg. The relative percentage change for Mexican-American women who reported speaking Spanish all or most of the time was 30?5 (95 % CI 27?8, 33?4) %, compared with an 8?3 (95 % CI 7?3, 9?4) % relative percentage change for Mexican-American women who reported speaking English all or most of the time. Similar relative percentage changes were observed for Mexican-American women with lower acculturation (i.e. women who reported speaking equal Spanish and English, in the USA for ,5 years, in the USA for 5-14 years and born in Mexico).
We estimated the percentage of women of childbearing age with usual daily total folic acid intake at or above the recommended 400 mg for current and modelled folic acid intake levels (Table 4) . Among all women aged 15-44 years, 24?0 (95 % CI 21?4, 26?7) % had usual daily intake of total folic acid $400 mg under the current scenario, which could increase to 26?0 (95 % CI 23?4, 28?6) % with fortification of corn masa flour. Mexican-American women had a much larger increase in the percentage of women achieving the recommendation for total folic acid. An estimated 13?0 (95 % CI 7?8, 18?2) % of Mexican-American women were consuming $400 mg of total folic acid/d under the current scenario, which could increase to 19?0 (95 % CI 11?1, 26?8) %, an increase of 6?0 percentage points, with Generally, Mexican-American women who had lower acculturation factors tended to have a larger increase in the percentage with usual daily intake of total folic acid $400 mg with fortification of corn masa flour. Among Mexican-American women who reported speaking Spanish all or most of the time, 9?2 (95 % CI 5?6, 12?9) % were achieving the recommendation for total folic acid under the current scenario, and this could increase by 8?2 percentage points to 17?4 (95% CI 10?0, 24?9) % with fortification of corn masa flour, a statistically significant increase (P 5 0?026). Comparatively, among MexicanAmerican women who reported speaking English all or most of the time, 20?3 (95 % CI 7?3, 33?3) % were achieving the recommendation for total folic acid under the current scenario, which could increase by 2?6 percentage points to 22?9 (95 % CI 9?2, 36?6) % with fortification of corn masa flour. When stratified by country of origin and time living in the USA, Mexican-American women who reported being born in Mexico or living in the USA for ,5 years or 5-14 years had larger percentage point increases for achieving the recommendation for total folic acid intake, as compared with their higher acculturated counterparts, with fortification of corn masa flour.
Discussion
The current analysis builds on the earlier modelling exercise from Hamner et al. (15) and assesses the impact of fortification of corn masa flour with folic acid on the segments of the Mexican-American population with the lowest folic acid intake (11) and the highest prevalence of NTD-affected pregnancies, namely Mexican-American women with lower acculturation (6, 8, 9, 13, 24, 25) . Overall, the modelling suggests that fortification of corn masa flour could substantially increase the total folic acid intake among Mexican-American women with lower acculturation compared with those with higher acculturation. Disparities in total folic acid intake between Mexican-American and non-Hispanic white women and between MexicanAmerican women with lower v. higher acculturation could be lessened if corn masa flour is fortified at 140 mg of folic acid per 100 g of corn masa flour. Additionally, fortification of corn masa flour could shift the population distribution of total folic acid intake and could increase the percentage of women of childbearing age with usual daily intake of total folic acid $400 mg, with a larger increase among Mexican-American women with lower acculturation. Ultimately, this public health intervention could lead to a reduction in the risk of NTD for Hispanics.
Our analysis is subject to several limitations. The measurement of acculturation was based on individual questions and not from a validated acculturation scale. However, researchers have found that language preference can explain the majority of variation in validated scales (26, 27) , making this a reasonable proxy measure. We could only 
NHANES, National Health and Nutrition Examination Survey. *Significantly different current v. modelled (t test): P , 0?05. --Data are adjusted for intake day of the week and interview method (in person or by telephone). yRace/ethnicity sub-analyses were restricted to non-Hispanic whites, non-Hispanic blacks and Mexican Americans. JAcculturation sub-analyses were restricted to Mexican Americans. Unweighted n might not add up to total number of Mexican-American women because of missing data in acculturation factors.
estimate which foods could contain corn masa flour because this commodity was not specifically available in the MyPyramid Equivalents database. However, these foods were independently validated by a manufacturer of corn masa flour. The amount of folic acid added to each food was based on a fortification level which would result in a final product containing 140 mg per 100 g of corn masa flour and with the assumption that all products that could contain corn masa flour were fortified at this amount. Estimates did not take into account any losses in folic acid level that might occur in corn masa flour during processing; thus, these estimates might be an overestimate of folic acid intake. According to the 2010 US Census, there are over 50 million individuals in the USA who report being of Hispanic or Latino origin; 63 % of these individuals are Mexican American (7) . Based on data from 2005-2009, the population of Hispanic women of childbearing age is also increasing, with over 10 million Hispanic women aged 15-44 years (28) . Hispanic women accounted for approximately 1 million births in the USA in 2008 (29) . Further, Hispanic women have higher birth rates, higher fertility rates, are younger at first pregnancy and have children at a later age than their non-Hispanic counterparts (29) . Although the prevalence of NTD has decreased in the USA since mandatory folic acid fortification (6) and the disparity in NTD prevalence between Hispanic women and non-Hispanic white women has lessened, data indicate that Hispanic women continue to have the highest risk of having an NTD-affected pregnancy (6, 8) . Using data from twenty-five population-based surveillance systems from 2005-2007, Hispanic women were estimated to be 1?21 (95 % CI 1?11, 1?31) times more at risk for an NTDaffected pregnancy than non-Hispanic white women (6) . Other researchers have also suggested that acculturation could be a risk factor for NTD (13, 24, 25) . However, this relationship has not been reported consistently and has been shown to vary for other birth defects (24) . Mexican-American women, and specifically those with lower acculturation, have lower total folic acid intake than non-Hispanic white women (11) . Given that the number of Hispanic women is increasing, that these women have a higher pregnancy rate, birth rate and risk of NTD, and that Mexican-American women, specifically those with lower acculturation, have a lower total folic acid intake and possibly are at higher risk for NTD, fortification of corn masa flour with folic acid could have a significant public health impact. For example, an additional 6 % of Mexican-American women consuming the recommended amount of folic acid means that almost 422 000 women could be impacted (28) . Given these disparities and the potential for a large number of women to be affected, providing another opportunity for Hispanic women, and in particular for Hispanic women with lower acculturation, to consume folic acid could lessen the number of pregnancies affected by these serious birth defects.
In the current analysis, we estimated that MexicanAmerican women with lower acculturation were more likely to report consuming corn masa flour products than those with higher acculturation, resulting in the most vulnerable group of Mexican-American women being selectively targeted by a corn masa flour fortification initiative. Higher consumption of corn masa flour products among less acculturated Mexican Americans could be the result of having similar eating patterns to their native culture, which relies heavily on corn masa flour products such as corn tortillas (14) . Mexican Americans who are more acculturated may be more likely to have eating patterns that are more similar to the dominant US culture, which relies less heavily on corn masa flour products (30) (31) (32) . Previous public health campaigns targeting Hispanic women have proved to be difficult and costly. There is evidence that paid media and health education/ communication campaigns targeting Spanish-speaking Hispanic women resulted in only small increases in women's consumption of a folic acid supplement (33) . Other interventions include the use of promotoras, or lay community health workers, in an effort to reach women on a one-to-one basis (34, 35) . However, paid campaigns such as these are costly, difficult to sustain and localized in scope and geographic area. Thus, public health professionals need to utilize other possible interventions, such as fortification, to increase total folic acid intake without requiring behaviour changes.
Fortification of corn masa flour is a policy-level intervention that would not require sustained behaviour change and could result in a decreased prevalence of NTD. Given that the estimated total lifetime direct cost of a child born with spina bifida is $US 560 000 (2003 dollars) (36) , additional babies being born healthy could provide substantial financial return on investment to fortify corn masa flour with folic acid. Regardless of financial considerations, spina bifida is a debilitating lifelong condition placing a severe health and emotional burden on those affected and their families (37) .
Conclusions and recommendations
Fortification of corn masa flour with folic acid could selectively target Mexican-American women, particularly those with lower acculturation factors. Fortification of corn masa flour could reduce the disparity in total folic acid intake between Mexican-American women with lower and higher acculturation, shift the distribution of total folic acid intake, and ensure that more women achieve the recommended intake of 400 mg of folic acid every day to prevent NTD. Fortification of corn masa flour is a policy-level intervention with the potential for significant public health impact. 
